The Hp(10) of an ideal TLD is independent of photon energy. This is to say that at any photon energy, the ratio R of the measured dose Hp(10)meas to the delivered dose Hp(10)del is always 1. In practice however the Hp(10) is dependent on the energy and R is not equal to 1. For this reason, ICRP has set the lower limit LL and upper limit UL for R as 0.55≤R≤1.63 for detection limit of 0.1 mSv and Hp(10)del=1 mSv. As R is the quantity arises from the measurement processes, the existence of uncertainty of R, i.e. ∆R is inevitable. In the boundary cases, such as when R is slightly lower than LL or slightly larger than UL, ∆R would serve a useful quantity in decision making either to accept or to reject the value of R. The purpose of the present work is to estimate ∆R for the TLD-100H for photon energy of 24-1250 keV. The estimation of ∆R is based on the error propagation method. For the eleven photon energies, this work obtained (a) R in the range of 0.77 to 1.16, (b) ∆R in the range of ± 0.02 to ± 0.04. The values of R were satisfactory as they complied the ICRP limit. The determined ∆R is considered very small as it is in the order of 3% in comparison of R.
1.0 INTRODUCTION
Deep dose, estimation of effective dose or whole body dose at a depth of 10 mm are a few names used to describe the quantity of Hp (10) . But the lengthy description given by the ICRU [1] [2] [3] is the personal dose equivalent in ICRU soft tissue at a depth of 10 mm in the body at the location where personal dosemeter is worn. As this quantity is measured by the TLD, the accuracy of the measured Hp (10) i.e. Hp (10) meas in comparison with the delivered Hp (10) i.e. Hp (10) del is controlled by a trumpet graph [4] . In a mathematical form, this graph is represented by the following equation [5] , where DL is the TLD detection limit. (1)
Replacing the terms on the left-hand-side (the lower limit), the middle (the ratio) and the right-hand-side (the upper limit) with LL, R and UL symbols, equation (1) becomes
The values of LL and UL are determined by DL. By taking DL = 0.1 mSv and Hp(10)del = 1 mSv, equation (2) 
Equation (3) states that for a given delivered dose, the measured dose is accurate if ratio of the measured dose to the delivered dose is larger than 0.55 and smaller than 1.63.
There was a report [6] for example on cases where did not fulfill the accuracy criteria given by equations (1)- (3) . When such a case arises, one shouldn't simply jump into conclusion that the measured Hp(10) is inaccurate, without first doing the statistical analysis, such as examining the uncertainty in and the use confident interval. It is expected that this might be a case as emphasizes on the estimation of R is not given by the ICRP trumpet graph.
2.0 MATERIALS AND METHODS
The two-element Harshaw TLD-100H (as shown in Figure 1 ) were used to measure Hp (10) . The list of all the equipments used in this work are described in Table 1 [7, 8] . In the following section, the method to get all the quantities as summarized in Table 2 will be described. Basically, the uncertainty of this quantity is determined based on the error propagation method described elsewhere [9] . 
Determination of Hp(10) Calibration Coefficient of the TLD card, Cf±ΔCf
It will be seen later in section 3.3 that the readings (yielded by the TLD readers) of the TLD cards is in the unit of nC. For the TLD cards to give the readings in mSv, these cards must have a calibration coefficient Cf (mSv/nC). This section describes the method on how to get this Cf, together with its uncertainty ΔCf. Cs-137 (662 keV) source was used for this purpose and all the six cards were placed in front of the water phantom at a 2 meters source-to-detector distance. The exposure-rate of this source at this distance and on the day of the experiment is a computer-calculated value K̇Cs-137 (mGy/min). Knowing the conversion coefficient p(10) K (Sv/Gy) for the 662 keV (and also for the other ten energies) [5] and the exposure time t, we may get the calibrated Hp(10), i.e. Hp (10) cal from the formula of
In this work we chose t=5 minutes. After this calibration process, the charge of the TLD card q is obtained from the TLD reader. The uncertainty in q, Δq is taken as 0.03q [10] . From these two values Hp(10)cal and q, Cf±ΔCf for each card was calculated from:
Determination of delivered Hp(10), Hp(10)del±ΔHp(10)del
Equation (1) gives R = Hp(10)meas/Hp(10)del. As to check the accuracy, R should be around 1. To do this, the delivered dose Hp(10)del must first be fixed, then the measured dose by the TLD card Hp (10) meas is compared with the Hp(10)del. In this work, Hp (10) del from the eleven radiation sources were fixed to 1 mSv. To get this 1 mSv, the irradiation time t needs to be determined. Substituting Hp (10) cal with Hp(10)del= 1mSv and re-arranging the formula in equation (4), we now have
The ̇ (mGy/min), obtained at 2 m detector-to-source distance, was (a) by the use of ion chamber for the lower photon energies, (b) by the use of the computer-calculated table for the 662 and 1250 keV. The product in the denominator of equation (6) 
It is obvious that t has the unit of minutes. This calculated t should be re-checked that ̇( 10)× t = Hp (10) After this irradiation time t is obtained, irradiation of the four TLD cards i.e TLD signal cards is done. During the irradiation, each TLD card was put inside TLD holder and placed in front of the water phantom at 2 meters source-to-detector distance. After the irradiation, TLD signal cards need to be stored for 24 hours to stabilize the electron trapping process. The other two cards i.e. TLD control cards were not be irradiated and used as background reading.
Determination of Measured Hp(10), Hp(10)meas ± ΔHp(10)meas
The routine readout procedure using the Harshaw Model 4500 hot-gas reader was used to get the reading of four TLD signal charge, ± ∆ in the unit of nC. As mention in the section 3.1, this charge value need to be multiplied with Cf to get the Hp(10)meas in the unit of mSv.
It will be seen later in this section (in equation (12)) that Hp(10)meas= p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ -p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ where p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ is the gross dose (obtained as the average of the four TLD cards) and p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ is the background dose (obtained as the average of the two TLD cards). Two TLD control cards that have not been irradiated were used to get the TLD background charge. This is important to get the true reading of TLD signal cards. The reading of TLD control cards need to be carried out at the same time with the reading of TLD signal cards. Using the same method to get dose of H p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ , the average of TLD background dose can be calculated from
Using the two values of p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ and p (10) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ , the net Hp(10) measured can be calculated Hp(10)meas ± ΔHp(10)meas = p (10)
Determination of Hp(10)meas/Hp(10)del ratio, R±ΔR
From equations (7) and (11) Table 2 shows the results of R ±ΔR obtained in stages (for energy 24 keV as an example) in accordance with the calculations steps described in Section 3. It can be seen that for steps 1 to 3 (before step 4 where R is obtained), the uncertainty order is from 1.90% to 4.76%. The uncertainty however is reduced to 2.86% (for R in step 4). This is because, the uncertainties that are responsible to provide ΔR (in step 4) are small, i.e. 1.90% in step 2 and 2.14% in step 3.4. The calculation in Table 2 , could be repeated to get R ±ΔR for the other 10 energies. Results of R±ΔR for all energies are shown in Table 3 . It can be seen from this table that ΔR is in the range of ±0.02 to ±0.04, or the percentage uncertainty from 2.15-2.86%. These results are also presented in Figure 2 . In comparison with the work done by Luo & Rotunda in 2006 [11] which also used the TLD-100H, the present results showed a good degree of agreement. To see the compliance of this R ±ΔR with the ICRP's lower and higher limits, a trumpet graph (R versus Hp(10)del) is plotted as shown in Figure 3 . It can be seen that all R ±ΔR are within the limits. This also means that there are no cases where the R value lies outside the limit. Based on these results, it can be concluded that the experimental value of Hp(10)meas are satisfactory. 
3.0 RESULTS AND DISCUSSION

4.0 CONCLUSION
The method to estimate the uncertainty in Hp(10)meas/Hp(10)del ratio, R has been described and determined for TLD-100H. It is for the purpose of considering the value of R, whether to accept or to reject, when R is slightly higher or lower that the ICRP trumpet graph acceptance limit. Despite no such cases arise in this work (as R ±ΔR all are well within the trumpet graph limit), the method described here might be useful for boundary cases, i.e. when R is near the limits.
